Abstract. The effect of different doses of synthetic antioxidant b-(4-hydroxy-3,5-ditertbutylphenyl), propionic acid (phenosan) and savory essential oil on the development of spontaneous leukemia was studied. The drug efficiency was determined from the survival curves, animal life spans, and the incidence of leukemia. Phenosan is characterized by clear antitumor activity in therapeutic (10 -4 mol/kg) and ultra-low (10 -14 mol/kg) doses. The dose of 10 -14 mol/kg increases the life span. The savory essential oil in low doses mixed with drinking water (150 ng/ml) or food (2,5 mg/g) increased the average lifetime of mice by 20-35 %. The low doses of these drugs seem promising as preventive drugs.
Introduction
One of the main consequences of exposure to harmful ecological factors (radiation, carcinogens, etc.) is high risk of malignant diseases.
The problem of malignant diseases prevention and the search for drugs decelerating or arresting the development of malignant neoplasms is very urgent. We used b-(4-hydroxy-3,5-ditertbutylphenyl) propionic acid (phenosan), an antioxidant of the hindered phenols class, as a possible prophylactic. This antioxidant was synthesized at the Emanuel Institute of Biochemical Physics of the Russian Academy of Sciences (Moscow).
It is known that many products of plant origin, i.e. herbs, spices, and their extracts, possess wide biological activity, including antioxidant and pharmacological properties [7, 12] . These compounds are applied in small doses; they have low toxicity and are recommended for use to decrease the risk of disease caused by increased oxidation of cell components.
Among natural antioxidants of plant origin, the important place is taken by essential oils which are a mixture of volatile compounds isolated from spice aromatic plants. The presence of antioxidant properties in many essential oils, including ones that do not contain phenol derivatives, has been proved in model experiments [13] .
Savory essential oil used in the work contained 0.5-1.7 % of each of the following monoterpene carbohydrates (a-thujene, a-pinene, camphene, b-pinene, b-myrcene, sabinene, aphellandrene, a-terpinene), 2.1 % of g-cymene, 14.8 % of g-terpinene, 2.8 % of bornyl acetate, 18.1 % of thymol, 37.8 % of carvacrol, and 4 % of caryofillen. A high content of thymol, carvacrol, and g-terpinene was responded for the antioxidant activity of the oil [13, 15] . It was revealed earlier that the addition of thyme oil (1200 mg per 1 kg of mass) to rats feed increased the general antioxidant status of the animals and kept a high level of polyunsaturated fatty acids in cell membranes during the process of their aging [16] .
Our research line agrees with the current trend in cancer prevention by efficient low toxicity compounds including antioxidants [6] . Many drugs in low and ultra-low doses demonstrate activities comparable to those in therapeutic doses [4] , while their toxicity is much lower.
The goal of this work was to study the effect of phenosan and the essential oil summer savory (Satureja hortensis L.) in low and ultra-low doses on the life span and development of spontaneous leukemia in AKR mice.
The model of AKR mice is interesting since spontaneous leukemia is observed in 65 -95 % of these mice at the age of 6 -11 months [2] . Note that mouse spontaneous leukemia is most close to human leukemia by the origin, clinical presentation, and morphological properties [1, 11] . Previously, we carried out a detailed kinetic study of the development of different leukemia forms in AKR mice (Erokhin and Burlakova, 2003) [9] . The kinetic curves of hematological indices (leukocyte count, count of blood corpuscles that can increase the number of leukocytes, and count of undifferentiated (leukemia) cells)) were plotted and NMR spectra were obtained for lymphocytes, which allows to distinguish cells at different stages of differentiation.
Materials and methods
Experiments were carried out on AKR mice at the age of 3-4 months. Phenosan was administered in four doses of 10 -4 and 10 -14 mol/kg in saline (0.2 ml/mouse) with an interval of one day.
In savory experiments mice of the first experimental group got drinking water, in which the essential oil of summer savory Satureja hortensis L. (Lionel Hitchen Ltd., Great Britain) was added, and standard laboratory feed ad libitum. The content of the essential oil in drinking water was 0.15 mg. This water was placed into waterers in a sufficient amount. Mice of the second experimental group got pure drinking water and food, into which the essential oil was added. For obtaining this feed, 0.5 g of savory essential oil was mixed with 100 g of glucose; 50 g of this mixture was added to 100 g of feed and mixed until equal distribution. Consequently, 1g of feed contained about 2.5 mg of savory essential oil.
The experiment was performed for 17 months until the natural death of the last animal.
The life span was recorded from the available dates of animal birth and death. The weight of organs replaces with leukemia cells, thymus and spleen, was determined within one day after death. Leukemia was determined within one day after death. Leukemia was identified in dead animals by increased weight of thymus (more than 50 mg) and spleen (more than 200 mg).
The development of leukemia was evaluated according to the life span of affected animals. The leukemia incidence in controlled animals and animals administered with drugs is studied.
The survival (proportion of survived animals vs. age) curves were plotted from the life span data. In order to quantify the drug impact on the leukemia, the Gompertz function was used for nonlinear approximation of the survival curves [10]:
where S(t) is the proportion of animals that survived to age t; and h 0 and g are parameters of the function. The process rate largely depends on the value. These parameters were calculated using the Gauss -Newton least squares method.
The rate of leukemia development and the drug efficiency were quantified from the modal age t mod when the survival curve had the maximum slope (inflection point) and the population death rate reaches the maximum (mode):
The difference between these values in experiment and control describes the efficiency of the impact:
In addition to these parameters, the Gompertz function was used to calculate the mean life span  :
where С 0 =0.577 is the Euler constant.
Results and discussion
In order to analyze the obtained data, the survival curve was divided into four conventional parts (quantiles) corresponding to different age subpopulations; in particular, the first and fourth quantiles corresponded to the short-lived and longlived subpopulations, respectively. This approach allowed us to reveal the patterns of the effect of different modes of phenosan administration on different age subpopulations in AKR mice. Figure 1 and Table 1 presents the data on the impact of phenosan dose of 10 -4 mol/kg on leukemia development in AKR mice. The presented control and experimental survival curves significantly differ according to the Kolmogorov-Smirnov test (p < 0.05). In addition, increased mean life span (by 37 days) and modal age (Dt mod = 29.9 days) were observed.
A significant (p < 0.05) effect of a single administration of 10 -4 mol/kg phenosan was observed (the mean life span increased by 25.2 days).
At the same time, administration of four substantially lower doses (10 -14 mol/kg) also had significant anticancer effect (Fig. 2, Table 1 ). Under these conditions, phenosan not only increased the mean life span by more than 40 days but also decreased the leukemia incidence and increased the maximum life span by 61 days.
This indicates that this phenosan dose had the greatest impact on the long-lived subpopulation. The modal age increased by 39.6 days, which points to a decreased rate of leukemia development. The survival curves of mice administered saline did not significantly differ from the control curves (intact animals) according to the Kolmogorov-Smirnov test (Fig.1, curve 2) .
It is common knowledge that the mean life span can considerably vary from cohort to cohort even in genetically similar animals [5] . We also observed this pattern. The maximum life span in AKR mice is about 350 days (Figs. 1, 2) [9] .
However, one of preliminary experiments demonstrated an abnormally short life span in control (the maximum life span was 275 days). In this particular experiment, phenosan at the dose of 10 -14 mol/kg considerably increased the maximum life span (almost 1.5-fold; Fig. 3) .
The obtained result complies with the published data: the efficiency of antioxidants substantially depends on the body state [3; 8; 14] . Antioxidants have little effect on the life span of "viable" individuals (with a relatively high life span).
The kinetic parameters of these curves are presented in the table 2, which shows that the value of the parameter, determining the latent period, in the experiment is lower than in the control. Table 2 The parameters of the course of spontaneous leukosis in the AKR line of mice in the control and in the case of consumption of savory essential oil with drinking water and food Figure 4a represents the survival curves of the AKR line of mice in the control and in the case of administration of savory essential oil with dr inking water, and Fig.5 represents the analogous data for the case of administration of the essential oil with feed. It is seen that the essential oil in both methods of administration shows remarkable antileukemic action: the survival curves of experimental groups of mice are significantly shifted to the right in comparison with the control. The difference in the date of the beginning of animal mortality is marked in both cases: in the control grope it began after 120 days, in the experimental groups it began after 200-250 days. Figure 4b shows the curves of death rate of the animals. It is obvious that the initial level of mortality in the control group is higher than in the group obtaining savory essential oil. All the survival curves were fitted by the Gompertz function. 
Conclusion
The obtained results allow us to conclude that the use of synthetic and natural antioxidants in small doses is promising for treatment and prophylactic aims.
